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MEMORANDUM REPORT

for
" "Army Air Forces, Materiel Command
AFERODYNAMIC TESTS OF AN M-31 BOMB
IN THE 8-FOOT HIGH-SPEED TUNNEL
By Donald D. Baals and Normean F. Smith
INTRODUCTION

In connectlon with a study of the bomb flight path,
the Materiel Commend of the Army Alr Forces requested
the MACA to conduct aerodynamic tests of a 300-pound M-31
demolition bomb.

Force tests at angles of attack from -15° to 30°
were made up to a Mach number of 0.725, which corresponds
to a speed of 810 feet per sscond at sea lavel. These
tests were made in the NACA 8-foot high-speed wind tunnel
at Langley Memorial Aoronautical Laboratory.

SYMBOLS
v free-stream velocity, feet per second
p free-stream density, slugs per cublc foot

q free-stream dynamlc pressure, pounds per square

1 2
t{ =
foo (2 pVv )

a veloclty of sound in alr, feet per second
M Mach number, V/a

D drag, pounds

L 1ift, pounds

=

pltching moment measured about the polnt of support,

inch-pounds
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F maxlimum area of cross section of bomb, 0,707 square foob
1 over-gll length of bomb, 50.375 inches
a angle of attack of bomb, degrees
C, dreg coefficient, PF
OL 1ift coefficient, EF
C, pltching-moment coeflficlent, ;¥-
qrL

APPARATUS AYD METHODS

The case of a 300-pound M~31 demolltion bomb with
aluninum fins was svpplied by the Materlel Dlvision for
the tests. The bomb was supported on the tunnel center
line by a single vortlcal streemline strut of NACA section
0009-6l. (fig. 1). A stresamline fairing shilelded the
vertical strut to within 1l inches of £hae bomb case. A
slde brace housed s/l1thin a streariline falring bracsd the
voartical strut. Because additlonal lateral support was
found necessary during ths tests, two horizontal guy wires
ware attached at the polnt of sunport of the bomb. The
vertical support strut, silde brace, and stays were attached
to the balence ring and were Included in the force
measuremonvs,

Tho angle of attack was variable through fixad increments
by means of an 1ntsrnal indexing mechanism. The bomb was
rotated about 1ts point of sunrort, the center of gravity
for the loaded condlticn.
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TESTS

Lift, drag, and"pitching moments were measured at
angles of attack from -15° to 30° up to a Mach number
of 0.725. These tests were run with the tall vanes set
at an angle of }j5° to the horizontal (fig. 2) in order
to minimize the effect of the wake of the support strut
on the tall. One run was made at the 5° angle of attack
with the tall rotated 45°. Additional tests were made at
5°, 15°, and 30° angles of attack with the tail removed.

Tare forces on the strut were measured wilth the
bomb guyed in position (fig. 3). Forces on the two
side stays were determined by measurling the forces at
zoro angle of attack with and wlthout stays.

RESULTS AND DISCUSSION

Figures l, 5, and 6 show the drag, 1lift, and pitching-
moment coefflcients of the complete bomb at angles of attack
fron -150 to 500 through the speed range of the tests. It
wlll be noted that the maximum speed of the tunnel was
conslderably reduced at the high angles of attack due to
the large increase 1n drag at thls attitude. All of the
data presented have been corrected for tares. The
magnlitude of the tare forees for a = 0° 1s also shown in
figures i, 5, and 6 to give an indication of the probable
accuracy of the bomb force ‘data. The tare forces dld not

change appreclably with angle of attack.
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Figure 7 1s a cross plot of figure 6 showing the varlation
of pitching-moment coefficient with angle of attack for varlous
Mach numbers. Figures 8, 9, and 10 show the drag, 1i1ft, and
pitciilng-moment coefficlenvs of the bomb wlthout tail and
the increments from the addition of the taill., Flgure 11
1s a photograph of the bomb tall after structural failure.

Drag. - The drag coefllclsnt of the complete bomb for
a range of posltive and negatlve angles of attack 1s shown
in figure l. The tare drag, for the mcdel support 1s shown
to be approximately one-half of the minimum bomb drag.

Where correspondling posltive and negative angles were run,

the dreag coefficlents were apnroximately osqual excepnt for

the 15° angles. At the hlgh Mach numbers thses drag for the
negative angle, where the teall is well within the wake of

the support strut, 1s less than the dragz Tor the correspondlng
poslitive angle. In free alr where no support strut interfer-
ence 1ls present, the drag for the negatlive angle would likely
be the same as that for the positive anglo.

At low angles of attack the crltical spead of the bomb
was reached at a kach numver of approximately 0.725 (fig. 5),
a value which 1is higher than 1s usually obtalned on stream-
line bodies of equlvalent flneness ratio. In view of the
very high drag coefflclent of the bomb at the sub-critical

Mach numbers, 1t appears that the [low over the bomb has
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Qaparated. Thls separation has reduced the local veloocltles
and tﬂéﬁéfofe-;ﬁcreééed the critical speed.

Lift. - The 1lift coefflclent remained essentlally
constant at low Mach numbers (fig. 5) but increased
slizhtly at the higher spseds. This lncrease in the
value of the 1i1ft coefficlent corresponds to the shift
in the pltching-moment-coeffilclent curve in magnlitude and
direction (fig. 6).

Pltching moment. -~ An analysis of the pltching-moment

coefficlent for a given angle of attack (flg. 6) shows a
decrease at the high Mach numbers through the angle range
from -15° to 20°., Thls decrease 18 not considered a
compressibility effect but instead is believed to bs an
Interference effect of the strut wake on ths bomdb tall.
For the runs with the tall removed, the pltching-moment
coefficient remained essentlally constant through the
Mach number range of the tests,

The moment decrease 18 most pronounced at the nega-
tive angles of attack where the bomb tall 18 in the wake
of the supvort strut and fairing. The magnltude of Fhﬂ
pltching-moment~coefficlent increments due to the adai—n
tion of the tall (fig. 10) indicates that a change in load

10

on the tall equivalent to a 15 change in angle of flow

would be sufficient to account for the nmaximum moment
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Figure 2.- General view of M-31 bomb.




Figure 3.- Tare set-up for M-31 bo}nb.
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Figure 1ll1l.- M-31 bomb tail showing structural failure.
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